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ALLERGIC REACTIVITY TO SIMPLE ALIPHATIC ACIDS IN MAN*
A. J. WElL, M.D. AND H. E. ROGERS
Data on allergic reactivity to simple aliphatic compounds are very scanty.
Indeed the only substance of this kind known as a fairly frequent cause of con-
tact dermatitis among workers in laboratories and in industry is formalin (1, 2,
3). There is one remarkable report on urticaria due to acrolein and other aliphatic
aldehydes (including formaldehyde) (4). As to acetic acid, Kern (5) mentions
that he had been told by physicians employed in plants manufacturing this
acid of the occurrence of contact dermatitis among their workers.
Tinder these circumstances, and still more for reasons of the unique specificities
of the reactions uncovered, it appears worthwhile to record the clinical expe-
rience and the result of subsequent testing of one of us (H. E. R.).
H. E. R., 22 years old, female, of British-German stock, suffered from hay
fever from childhood until the age of 20 when she left her home state, New
Mexico. Since then no signs of hay fever were noted.
In 1948, when handling animal cadavers preserved in formol, she experienced
a rash on her hands and lower arms, tearing of the eyes and a generalized pruritus.
In 1949, while working in a pathological laboratory, it was noted that formalin
vapors caused violent lacrymation and pain in the nose, so that she had to give
up all work which brought her into contact with formalin.
On July 20, 1950, she started work in this hospital. This work involved the
pipetting of anhydrous acetic anhydride with a safety pipette. She was exposed
to the vapors of this substance and probably was in direct contact with traces
of the substance when handling the test tubes. After about 14 days of this
exposure, small red lesions were observed on the wrists and forearms. This
eruption repeatedly appeared immediately after handling acetic anhydride, and
disappeared after a day or two. The eruption was accompanied by marked itch-
ing. Otherwise the personal history is non-contributory.
Family history: Two out of three brothers have hay fever. One of them also had
had a rash on his face which was thought to be of allergic nature. No other
history of allergic affections in the family can be recalled.
On the first examinaion on August 25, 1950, there were found on both fore-
arms and the volar aspect of the hands, on the radial side of the right hand and
ulnar half of the left, a number of reddish lesions. These were 1 to 3 mm. in size,
often grouped, and sometimes vesicular in appearance. The lesions itched. The
distribution on the hands was related to the areas which came in contact with
the glassware containing acetic anhydride.
No other findings deviating from the normal were recorded. There was no
dermographism or other indications of exaggerated reactivity of the skin.
Work was transferred to a hood, and the hands and arms were protected by
rubber gloves and a long-sleeved gown. Tinder these protective measures the
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affection disappeared and did not come back, except once when cor experimental
purposes, the arms were deliberately left unprotected during one working period.
Testing: Repeated patch tests were made on the back with the aid of small
pledgets of cotton saturated with aqueous solutions of the respective compounds
and covered with "Elastopatch" (Duke Laboratories, Inc.). Readings were made
after 24 hours and subsequently for several days. Similar patches applied to the
skin of a non-sensitized person showed no reactions. All tests reported here
were made "blind", that is, H. E. R. did not know the nature of the material
applied to any given site. The results of the patch tests are presented in Table I.
The term "positive" employed in this table needs some amplification. In
contrast to the usual experience in testing typical contact-type eczematous
allergies, intense itching was reported on the positive sites within minutes after
the application. After 24 hours the site was reddened and showed a few small
vesicles. The reaction disappeared earlier than is usual, i.e. within 48 hours.
TABLE I
Patch tests
CONCENTRATION REACTION
Acetic anhydride 1/2 Positive
Acetic anhydride 3/10 Negative
Acetic acid 1/2 Doubtful
Propionic anhydride 1/2 Negative
Sodium acetate 2/3 Negative
Sodium formate 2/3 Negative
Sodium proprionate 2/3 Negative
H,O Negative
Reddening was seen and itching reported at the sites tested with acetic acid
and acetic anhydride, when work with acetic anhydride—which had been in-V
terrupted for a few days—was resumed on the seventh day after testing ("Flare-
ups").
Impressed by the immediate reaction to exposure and in the patch tests, a
series of intradermal tests was started.
For this purpose, volumes of 0.01 to 0.02 ml of aqueous solutions in the con-
centrations indicated in Table II were injected intradermally. Controls were
performed by testing each agent in twice the concentrations indicated in Table
II in three non-sensitized persons; four additional control subjects each received
acetic and formic acid only. In the controls a sharp stinging sensation was noted
with the acidic compounds and also at the site where the distilled water was
injected, but this subsided within seconds. There was no visible reaction beyond
the minimal traumatic one; the tiny wheal disappeared within less than 3 min-
utes; and there was no itching.
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The positive reactions in H. E. R. consisted of the large wheals, as noted in
Table II, a flare of 2.5 cm. or more in diameter and definite itching. The reac-
tions reached their maximum in about 15 minutes (when the readings given in
Table II were taken) and were at the vanishing point after 30 to 40 minutes.
There was outspoken itching. The negative sites showed none of these signs.
The intradermal tests were done repeatedly during the days from October 24
to October 26. When tests were repeated with the acids on November 15, reac-
tivity had disappeared. It reappeared a few days after voluntary clinical re-
exposure to acetic acid.
TABLE II
In.tradermal tests
COMPOUND CONCENrRATION
Acetic anhydride 1/10 Wheal (10 mm) + Flare
Acetic anhydride 1/100 None
Acetic acid 1/5 Wheal (10 mm) + Flare
Acetic acid 1/10 Wheal ( 7 mm) + Flare
Acetic acid 1/50 None
Formic acid 1/5 Wheal (12 mm) + Flare
Propionic anhydride 1/10 Wheal (10 mm) + Flare
Butyric acid 1/5 None
Sodium acetate 1/5 None
Sodium formate 1/5 None
Sodium propionate 1/5 None
Formaldehyde 1/50 Wheal ( 8 mm) + Flare
Paraldehyde 1/5 None
Acetal 1/5 None
N-acetylglucosamine 1/5 None
Dist. water None
Three months after the disappearance of the hypersensitivity phenomena
described in the preceding paragraphs, H. E. R. was again intradermally injected
with N/10 acetic anhydride and also with N/5 hydrochloric acid. No wheal and
flare reaction or, for that matter, any other reactivity exceeding that described
from control persons were noted. It would appear, that H. E. R. did not nor-
mally show an increased unspecific reactivity to acids in the sense as, for instance,
described for alkali by Burckhardt (6) as a frequent occurrence in eczema caused
by alkalis. This impression is further confirmed by the absence of exaggerated
reactions to her frequent contacts with various acids in the course of her work.
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Serum was obtained from H. E. R. on October 18 and two volunteers were
injected on several sites with 0.05 ml of the undiluted serum. No indication of
passive transfer was obtained when these persons were tested after 48 hours
with formic acid and acetic acid.
DISCUSSION
From the clinical symptoms as well as the outcome of the skin testing it
appears that the sensitization was of the immediate as well as eczematous type.
There is both a family and a personal history of hay fever. Contact with formalin
had caused in the past a sensitization apparently similar to the one described
here with acetic acid.
Sensitization proved to be clinically of slight intensity.
As far as can be ascertained, this is the first study of sensitization to acetic
acid.'
In addition to sensitivity to formaldehyde, dermal sensitivity of the immediate
type was found to formic, acetic, and propionic acid—but not to butyric acid— or
the respective anhydrides. Relatively high concentrations of the acids were
required in order to elicit a dermal reaction: A M/10 solution of acetic anhydride
represents a concentration of approximately 1 per cent, the molecular weight
of this compound being 102. Whether this is correlated to the low degree of
sensitization in this particular case, can of course not be decided from a single
observation. It is of interest to note, that the threshold of dermal reactivity to
formaldehyde—presumably a sign of previous sensitization—was appreciably
higher than that to the acids.
Unfortunately, it was impossible to obtain information, whether one or more
than one reagin was involved in this case. The latter possibility might have
been considered in view of the two dermatitis-provoking exposures experienced
during the past two years, namely to formalin and to acetic anhydride. The
absence of transferable antibody obviated the performance of the crucial test
of cross neutralization.
Of particular interest appears to us the observation that the sensitization to
the acids did not involve reactivity to the corresponding sodium salts. It is
pertinent to note that the (weak) aliphatic acids are but slightly dissociated,
whereas the sodium salts are present in solution in the ionized form (7); and also
that the acetate ion is very easily metabolized by living cells.
The methyl and acetyl radicals are known to influence the chemospecificity
of proteins and to be important for the specificity and antigenicity of biological
polysaccharides such as pneumococcal type I specific substances (see for ref-
erences and discussion (8), pp. 51, 108, 174, and 213). Thus it was of interest to
investigate whether an acetyl specificity of this kind would be i:nvolved in our
case. We were able to test this point thanks to Dr. E. A. Kabat, from whom a
sample of N-acetylglucosamine was obtained. The dermal reaction to this com-
pound was repeatedly negative. We conclude that acetyl specificity is not
'The anhydrides emp'oyed in these experiments are practically instantaneously hy-
drolysed in aqueous solution to the corresponding acid8.
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concerned here. Thus it would appear unlikely that the sensitizing property of
the anhydride could be ascribed to its ability of acetylating protein (or other
body substances).
Specificity to acetate (ion) or acyl radical being excluded, the only possible
explanation of our observations appears then to be, that the specificity is directed
to the acid as such.
The negative outcome of the test with paraldehyde and acetal further defines
the specificity range of this case.
These observations in man were anticipated in a remarkable way by Jacobs
et al. (9, 10) in experiments on the sensitization of guinea pigs by intracutaneous
injection of various anhydrides. Among others, sensitization was reported with
acetic, propionic, maleic, and n-caproic anhydrides Dermal reactions of the
wheal-and-erythema type were obtained in scratch tests with all of these an-
hydrides except propionic anhydride. With the latter compound, only reactions
of the delayed type (with the patch test method) were obtained. No tests with
the respective anions or acyl radicals were reported. These results emphasize
once more the essential similarity of the reaction mechanisms to sensitization
in man and in lower animals (see (11)).
SUMMARY
1. A case of sensitization to acetic anhydride is described. The reactions were
of the eczematous and immediate type.
2. Dermal reactivity to acetic acid and acetic anhydride was not accompanied
by reactivity to the anion nor to the acetyl radical. It would then appear that
the specificity is directed to the acid as such.
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